the first time as the famous 'circle of Willis' in the eighteenth century (25).
arteriovenous malformation or cerebrovascular occlusive disease by changing the blood-flow pattern and increasing hemodynamic stress (3, 4, 7, 12, 13, 15, 23, 26, 29) . There are some reports that have investigated the relationship between variations and aneurysm localization in cadaveric (12, 20, 28) and clinical studies (14, 18, 22, 31) .
The aim of this study was to reveal the normal pattern and variation rates in a series of patients operated for intracranial aneurysms and show these variations' gender, localization, lateralization, multiplicity features besides their relationship with aneurysms in several locations, whether bleeding or incidentally diagnosed.
█ mATERIAl and mEThODS
The study was carried out in a total of 128 consecutive aneurysm cases operated at Haydarpaşa Numune Teaching and Research Hospital between the years 2008 and 2014. Cerebral digital subtraction angiography (DSA) images of each patient and the detailed reports written by neuroradiologists were analyzed retrospectively by two neurosurgeons who practiced neurovascular surgery.
Associated vascular variations of the anterior cerebral, posterior cerebral and middle cerebral arterial system were grouped and studied morphologically: 1) Anterior cerebral artery (ACA) and its branches were assumed as the anterior cerebral arterial system (ACS)
2) Vertebral artery and its branches were assumed as the posterior cerebral arterial system (PCS)
3) Middle cerebral artery (MCA) and its branches were assumed as the middle cerebral arterial system (MCS).
Vascular variations such as hypoplasia, aplasia (absence), duplication, fenestration, trifurcation were noted and lateralization, single or multiple, gender associations and number of aneurysms, localization, diameter, incidental or bleeding aneurysm coexistence with these vascular variations were searched for.
A variation of the circle of Willis was regarded as congenital abnormalities (5, 22) . Arteries with external diameter less than 1 mm and communicating arteries smaller than 0.5 mm were accepted as "hypoplastic" and the absence of the artery as "aplastic" (1, 6, 20, 28) . The posterior cerebral artery (PCA) segment of Willis polygon was defined as "fetal type" and "adult type" according to its size.
When visualized P1 on DSA had smaller size than ipsilateral posterior communicating artery (PCoA) or totally absent, it was accepted as fetal-type origin of PCA; and a P1 segment had the same size as or larger size than PCoA was defined as adult type origin of PCA (15) . 
Statistical Analyses

Gender
The differences between variation observance rates (p=0.426; p>0.05) and variation number rates (p=0.083; p>0.05) by gender were not statistically significant. However, MCS variation observance rates were significantly higher in males than females (p=0.031; p<0.05) ( Table I) .
ACS Variations
ACS variation was the most frequent occurrence for 36.7% (n=47) of the cases. The most common variation was A1 variation with 44 (34.4%) cases: 33 had hypoplasia and 11 aplasia. Others were anterior communicating artery (ACoA) fenestration, bilateral pericallosal hypoplasia, and left callosomarginal aplasia. Thirty-one of these cases had single and 16 had multiple variations. The variations were right-sided in 30 (68.2 %) cases and left-sided in 14 (31.8%) ( Figure 1A -D).
Right-side ACS variations were twice as frequent as those on the left side; 62.8% of A1 hypoplasia-aplasia variations were on the right side and 31.8% were on the left side. A1 variations were hypoplasia in 33 cases and aplasia in 11 cases.
The ACS variation rate and ACoA aneurysm coexistence were significantly higher (p=0.001; p<0.01) (Table II) . Apart from 5 internal carotid artery (ICA) bifurcation aneurysms, there were an additional 6 ICA aneurysms. Three of them were ophthalmic aneurysms, 1 was a superior hypophyseal aneurysm, 1 was a paraclinoid aneurysm and 1 was an ICA wall aneurysm. In these cases, the variation rates were significantly lower (p=0.005; p<0.01).
PCS Variations
PCS variation was observed in 31 (24.2%) cases with 14 single and 17 multiple variations. P1 hypoplasia/aplasia was the most common variation with 28 (21.9%) cases. In this group, 2 hypoplasia and 1 aplasia were detected in vertebral arteries. The variations were right-sided in 12 (38.7%) cases, left-sided (27) found the incidence of partial integrity and non-integrity as 70.17% and 17.59% respectively in 2,146 healthy subjects that were examined with magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA).
Variations
We found that the most common anomaly was hypoplasia in the Willis polygon, similar to other series (1, 6, 8, 9, 29) . It was mostly seen in the A1 segment, followed by the P1 segment. Aplastic/hypoplastic A1 was also the most common variation in some reports (17, 33) . The incidence of hypoplastic and aplastic A1 segment of the anterior cerebral artery was reported as 36% by Kryzewski et al. (16) . In an MRI study investigating anterior cerebral artery variations, the A1 segment aplasia rate was only 5.6% (36) . The fenestration of the A1 and/or A2 segment was found to be 1.2%. Kovac et al. (13) reported that the patients had hypoplastic or congenital absence of A1 segment at a rate of 17.6% and 0.4%, respectively. Fetal origin of the posterior cerebral artery was found in 37% of the cases. In their series, Iqbal et al. (8) stated a hypoplasia in PCoA rate of 24% that was followed by hypoplasia in the P1, A1 and ACoA segments. Similarly, Karatas et al. (11) found hypoplasia most commonly in the PCoA. The hypoplasia of A1 was frequently associated with ACoA aneurysms and this is compatible with our results (26).
Although we detected only one fenestration in this study, Suziki et al. (34) reported 75% fenestration in 38 cases of ACA aneurysms in their surgical series. Two-dimensional images are thought to be unsuitable for detecting intracranial arterial fenestrations because of superimposition of vessels that may render their identification (17, 34) . In a recent study, including patients with subarachnoid hemorrhage, van Rooij et al. (39) found 24% fenestration by 3D rotational angiography. In a study with CT angiography, the fenestrations of middle cerebral artery M1 segment (0.2%), anterior communicating artery (0.4%), and anterior cerebral artery A1 segment (0.6%) MCS variation rate and aneurysm coexistence showed no statistically significant difference in any localization (Table IV) .
multiple Variations
The rates of single and multiple anomalies were 24% and 28%, respectively. There were two anomalies in 20% of the cases and more than two anomalies in 8% of the cases. Multiple variation rates were significantly higher in PCS cases (p=0.001; p<0.01) ( Table V) .
Bleeding & Non-bleeding Aneurysm, Number and localization of Aneurysm
The vascular variations were more common in bleeding aneurysms (61.3% versus 40.9%). The rate of multiple variations was also higher in bleeding aneurysms (18.9% versus 9.1%). There was no significant difference, either in variable rates (p=0.127; p>0.05) or in the number of variations (p=0.716; p>0.05), between bleeding/non-bleeding cases.
According to the aneurysm number, variation rates (p=0.291; p>0.05) and variation number rates (p=0.364; p>0.05) were not statistically significantly related.
In single aneurysm cases, there was no statistically significant difference between cases related with the aneurysm diameter (p=0.659; p>0.05).
There was no statistically significance between the aneurysm and number variation rates in any localization (p>0.05). In single or multiple variation cases, there was no ICA aneurysm presence.
█ DISCUSSION
Incidence
In the present study, the overall rate of variations in the circle of Willis configuration with berry aneurysms was 57.8%. The rate of variations in series with accompanying intracranial aneurysms was between 40.7% and 97% (2, 12, 20, 27, 32, 33) . In a recent cadaveric study conducted on the Turkish population, adult configuration of the polygon was detected variation. There was no statistically significant difference between other aneurysm localizations and anterior system variation presence.
Macchi et al. (19) proposed that anatomic variation rates were higher in the left side, but we found a higher variation rate on the right side in the ACS group.
Stojanovic et al. (33) reported a Willis asymmetry prevalence of 64% in their series; in multiple aneurysms this rate increased to 75.7%. It was found to be 61.1% and 48.5% for accompanying single and multiple aneurysms respectively in the present study but there was no statistical significance. Mazighi et al. (22) reported that vascular anomalies were associated with aneurysm development and bleeding. Vascular anomalies were found in 88% of the patients with multiple intracranial aneurysms. The most common anomaly was the asymmetric caudal basilar fusion (43.2%) followed by variations of the anterior communicating artery (ACoA) complex (31.2%). The aneurysm bled proportionally more frequently when associated with the related vascular anomaly (22) . Nurminen et al. (24) found major anatomic variations affecting cerebral arteries in 2% of the patients with giant intracranial aneurysms.
Willis variations were encountered frequently, particularly in ACoA and PCoA aneurysms (5, 12, 14, 20) . Asymmetrical A1 and ACoA aneurysms show this association, as well as asymmetrical PCoA and PCoA aneurysms. The association between variation and aneurysm localization supports the role of hemodynamic factors in the pathogenesis.
In several aneurysm cases, more than one variation can be observed (12) . In our study, a single variation was observed in 40.6% of the cases; the rate was 17.2% for multiple variations. Multiple variations were 2 in number in 18 cases, and 3 in 4 cases.
Bleeding & Non-Bleeding Aneurysms
High Willis asymmetry rates in bleeding aneurysms confirm the relationship between hemodynamic disturbance due to asymmetric configuration and aneurysm formation and rupture (3, 4, 7, 12, 13, 15, 23, 26, 29, 33) . In bleeding ACoA aneurysms, Stojanovic et al. (33) reported that the asymmetry presence accounted for 72.7%; morphological changes were present in the A1 segment (44%) and mainly on the right side (60%).
Lazzaro et al. (18) found the Willis anomaly in 46.9% of bleeding aneurysms and 29.6% of non-bleeding (incidental) aneurysms, and proposed that aneurysm rupture rates were higher in the presence of a Willis anomaly. They stated that the Willis anomaly was more common in bleeding anterior and posterior communicating artery aneurysms than in non-bleeding aneurysms.
Van Rooij et al. (39) reported 31% fenestration of ACoA where an accompanying aneurysm caused SAH.
In the present study, compatible with Lazzaro et al. (18) , variation presence was more common in bleeding aneurysm cases than in non-bleeding aneurysm cases at 61.3% and 40.9% respectively. The multiple variation rate was higher in bleeding aneurysms at 18.9% versus 9.1%. However, there were also noted (13) . Fenestration may be seen even in the A2 segment of the anterior cerebral artery (4).
Krayenbuhl and Yaşargil (15) reported vertebral artery fenestration or anomalous termination. Gunnal et al. (7) found morphological variations in termination in 17.64% of the cases. The prevalence of fenestrations of the intracranial VB system was reported to be between 1.17% and 2.77% (7, 13, 37) .
We detected P1 hypoplasia/aplasia in 28% of the cases in the presented study. Iqbal et al. (8) reported a 10% variation rate for fetal PCA. Gunnal et al. (6) found that the most common variation rate was in the PCoA with 50%, followed by ACoA with 33.3%. Malamateniou et al. (21) stated that the most common variation was PCoA aplasia (30%) in the neonatal group. Saeki and Rhoton (30) reported that PCoA hypoplasia was unilateral in 26% of the cases and bilateral in 6% of the cases. The rate of a fetal configuration in which the PCA was arising predominantly from the carotid artery was 20% and 2% for unilaterally and bilaterally respectively. Yasargil (40) reported that the rate of the fetal type of circulation was 24.5% with much greater frequency on the right. Qiu et al. (27) demonstrated an incidence of 15.85% for P1 variation.
Gibo et al. (5) found that MCA anomalies are less common than the other anomalies consisting of duplicate or accessory MCA. They observed MCA trifurcation in 12% of the cases. This was similar to our study; MCA anomalies were the least common with 10.2% and, trifurcation was the most common variation with 7%.
Variation & Number, localization of Aneurysm
Some specific aneurysms can be encountered together with some variations. Although ACA variations were seen commonly with ACoA aneurysms (p<0.01) in this study, there was no variation in 6 ICA aneurysm cases and this was statistically significant (p<0.01). A1 segment variations have been reported more frequently in ACoA aneurysm cases than in the control group (14, 28 
Gender Relationship
Van Overbeeke et al. (38) reported no significant frequency difference regarding gender or right-left side in the adult or fetal configuration in fetal and infant brains. They noted that variations occur as developmental modifications more than genetic factors. Malamateniou et al. (21) found that complete Willis variation rates were higher in preterm girls, and ACoA and P1 segment aplasia-hypoplasia was two times higher in term-born girls, whereas PCoA and A1 segment aplasiahypoplasia were more frequent in preterm boys. In term-born infants, the fetal type of PCA is twice as frequent in the left side. In the present study, there was no difference in rates in the ACS and PCS groups considering the gender of cases, but MCA variation rates in males were significantly higher (p=0.031; p<0.05). In contrast, Krzyżewski et al. (16) reported that males had significantly higher prevalence of the typical ACoA complex.
The limitations of this study are as follows:
• The detected vascular variations in this study were all in patients who were subject to subarachnoid hemorrhage and/or cerebral aneurysm. These variations give no information about normal/healthy cases. Cadaveric studies may provide more accurate knowledge about natural anatomy, but the aim of this paper was to show the arterial variations in patients with an intracranial vascular insult.
• All the images are 2-dimensional, and 2-dimensional images may not be suitable for detecting intracranial arterial fenestrations.
█ CONClUSION
There was an association between aneurysm localization and vascular variations. In the present study, rate of variations in the circle of Willis configuration in patients with berry aneurysms was 57.8%. Arterial hypoplasia and aplasia were the most common vascular variations associated with intracranial aneurysms. ACS was the most common region that variations were located in; they were mostly detected on the right side. In the ACS variations group, coexistence of ACoA aneurysm was higher than with PCoA and MCA aneurysms. In the PCS variations group, PCoA aneurysms were the most common aneurysms that accompanied the variation. In the PCS variation group, multiple variations were more common than in the other two groups. The vascular variations in MCS were most common in males.
Knowledge/awareness of these variations would guide choosing and applying treatment modalities, and increase the success rate in managing the patients.
